Here we have synthesized cancer targeting drug delivery system that contains β-cyclodextrin as a drug carrier and folic acid as a targeting ligand. Folic acid was selected as a cancer targeting ligand because folic acid receptors are highly expressed in a variety of tumor types. β-cyclodextrin and folic acid were connected through a linker [1,10-phenanthroline or 5-(hydroxymethyl) furfural]. β-cyclodextrin and folic acid were attached to the linker by formation of Schiffbase and ester, respectively. Our targeted synthetic products were confirmed by NMR, Mass and IR spectroscopy. We anticipate that our synthetic products can confer cancer cell-specific drug delivery as well as desired properties such as nanoparticle formation.
Introduction
Cyclodextrins (CDs) are cyclic oligosaccharides generated from starch (e.g. corn, potato) and β-cyclodextrin is one type of cyclodextrin that contains 7 glucose units in its structure [1] . The hydrophobic central cavity and the hydrophilic outer surface allow CDs to form water-soluble inclusion complexes with several drug molecules or compounds and help to protect the guest molecules from oxidation and degradation and to increase their solubility and bioavailability.
Thus, CDs are frequently used as a drug carrier.
Hybrid delivery system for effective transportation of temoporfin was sug-(DOX) delivery to breast cancer in vitro and in vivo [3] . The results of Hyun's study suggested that CDPF can maximize the efficacy of DOX delivery; therefore can be used as a good candidate for developing optimal drug delivery systems.
The purpose of study carried out by Khaid et al. was to develop and characterize hydroxypropyl-β-cyclodextrin (HPβCD) hybrid nanogels for solubility enhancement of lipophilic drug, dexibuprofen [4] . HPβCD hybrid nanogels were designed by crosslinking of hydroxypropyl-β-cyclodextrin with 2-acrylamido-2-Methylpropane sulfonic acid (AMPS) via free radical polymerization. Efficient solubilization of dexibuprofen has been observed by HPβCD hybrid nanogels. Highly porous and amorphous nanogels showed a significant dexibuprofen release in aqueous medium.
Another novel drug delivery system was introduced by Kong's group based on binary solvent gel in which both hydrophobic and hydrophilic drugs could be loaded into the gel without altering the gelation property of the native system [5] . The gel was simply prepared from native β-cyclodextrin (β-CD) by crystalization-induced self-assembly. The delivery system exhibited a sustained drug release, regardless of hydrophilic drug DOX or hydrophobic drug 5-FU. In cell viability tests, DOX and 5-FU exhibited a synergetic anti-tumor effect.
Mohtar et al. has investigated complexation of fisetin, a natural flavonoid, with three types of cyclodextrins to improve its solubility [6] . Sulfobutylether-β-cyclodextrin (SBE-β-CD) showed the highest complexation efficiency while maintaining the in vitro antioxidant activity of fisetin. This formulation also showed an EC 50 value equivalent to fisetin alone in the A549 cell line. In conclusion, an inhalable dry powder containing fisetin-SBE-β-CD complex was successfully engineered with an improved aqueous solubility of fisetin.
Supramolecular cyclodextrin (CD) hydrogels have occupied an important position in developing the materials for biomedical application. The work by Sing and his co-workers attempted to improve the release profile of ciprofloxacin by designing the β-cyclodextrin-containing drug delivery system through network formation and supramolecular interactions [7] . The release of drug from β-CD containing hydrogels was slower and less as compared to the hydrogels without β-CD. These hydrogels have been found haemocompatible, mucoadhesive, and antioxidant in nature.
A novel drug delivery system was developed through the modification of MSNs (mesoporous silica nanoparticles) with β-CD [8] . The experiment results demonstrated that the cytotoxicity of this drug delivery system was very low, and Brudno et al. studied the development of a drug delivery system which permits refilling of a drug delivery device in vivo in a minimally invasive manner, by modifying the drug delivery device with molecular targets capable of recognizing and binding drug refills circulating in the body [9] . The drug delivery system features a dual functionality drug refill, which not only permits a direct targeted delivery of a pharmaceutical compound from the drug refill to the drug delivery device, but also masks the potential toxicity of a pharmaceutical compound, such as a chemotherapeutic, until the pharmaceutical compound is delivered to the drug delivery device. The pharmaceutical compound will only be unmasked upon delivery into the drug delivery device where the target is separated from the pharmaceutical compound, thus eliminating any side effects or toxicity associated with the pharmaceutical compound at any undesired sites.
Paczkowska prepared an inclusion complex of β-cyclodextrin and meropenem [10] . An analysis of changes in the stability of meropenem after complexation showed that the complex may serve as a valuable delivery system significantly contributing to enhanced meropenem stability in aqueous solutions and in the solid phase. Due to a sustained transfer of meropenem from the cavity of the cyclodextrin it was possible to maintain a constant desired meropenem concentration over a period of 20 h, as confirmed by a release study.
Erlotinib (ERL) is a drug used in epidermoid carcinoma treatment. One of the ERL drawbacks is low water solubility, which limits its use in the development of safer and effective formulations. The study by Gontijo et al. used the strategy of inclusion complexation with hydroxypropyl-β-cyclodextrin (HP-β-CD) to increase the ERL water solubility [11] . Despite free ERL higher cytotoxicity, higher values were associated with the complex compared with free ERL (37.5 μM) and the complex was more cytotoxic to A431 human epidermoid carcinoma cell than to osteoblasts (non-cancerous cells). In addition, the inclusion complex exhibited antiangiogenic activity without affecting the activation and recruitment of neutrophils and macrophage. Overall, these results suggest that the ERL: HP-β-CD inclusion complex could be a promising approach for developing safe and effective ERL formulation by different routes of administration.
A drug delivery system that allows sustained drug release could reduce the medical burden and costs associated with medication nonadherence in individuals infected with human immunodeficiency virus (HIV). We recently demonstrated that a supramolecular assembly composed of hyaluronic acid, sulfobutylether-β-cyclodextrin, and poly-L-lysine can encapsulate the anti-HIV drugs zidovudine and lamivudine. The supramolecular assembly showed a potent antiviral activity in vitro with sustained drug release property [12] .
To achieve cancer targeting drug delivery in our proposed work, folic acid (FA) will be used as a cancer targeting ligand because FA is a prominent targeting moiety capable of specific interaction with a range of tumor cells expressing International Journal of Organic Chemistry the folate receptor (FR). FR binds to folate with a high affinity (Kd: 1029210210 M) and is attached to the plasma membrane through a glycosylphosphatidylinositol (GPI) anchor. FR is overexpressed in many human tumor cells, including malignancies of the ovary, brain, kidney, breast, myeloid cells and lung, and its expression is low in normal tissues. The higher levels of FR expressed on tumor cells facilitates efficient uptake of the FA essential for DNA synthesis and seems to aid in aggressive tumor growth. In patients diagnosed with cancer, the overexpression of FR isoform a (FR-a) correlates with a higher histological grade and more advanced stage of the disease. Therefore, FR is one of the strongest candidates, both as an attractive marker and a target molecule for diagnosis and therapy of cancer [13] [14] [15] . Therefore, we plan to synthesize compounds containing both folate receptor and β-cyclodextrin using phenanthroline as a linker.
General Method and Procedures: Materials and Methods

Materials
β-cyclodextrin, p-toluenesulfonylchloride, ethylenediamine, folic acid, and 2, 9-dimethyl-1,10-phenanthroline hemi-hydrate were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). HPLC grade solvents were used in all the reactions without any further purification.
Methods
To obtain NMR spectra, all compounds were dissolved in DMSO-d6 or D 2 0 and recorded on a Bruker Ascend 400 MHz NMR spectrometer using TMS as an internal standard. All infra-red (IR) data were recorded (υ max in cm −1 ) on Smart iRT purchased from Thermo Scientific.
Synthesis
Over the past several years our laboratory has been involved in the synthesis of Schiff bases containing phenanthroline and O,S,N-containing amines to explore their antibacterial properties [16] [17] [18] . Several compounds were successfully synthesized and their antibacterial properties have been studied with promising results. Our current research involves the utilization of phenanthroline to link β-cyclodextrin as drug delivery moiety and folic acid as cancer targeting ligand. This paper discusses the synthesis of folate appended β-cyclodextrin using phenanthroline as the linker. Systematic discussions about the synthesis of this target molecule are discussed below. Following retrosynthetic pathway ( Figure   1 ) has been considered in order to achieve our synthetic goal. Target compound NKS-1 could be synthesized by Schiff base reaction of the amine 4 with the aldehyde 3 followed by reacting the alcohol group of 3 with folic acid chloride. 3.3. Synthesis of 1,10-Phenanthroline-9-Hydroxymethyl-2-Carboxaldehyde from 1,10-Phenanthroline-2, 9-Di-Hydroxymethyl 1,10-phenanthroline-2,9-di-hydroxymethyl 9 (0.800 g, 0.0034 mol) and MnO 2 (19.12 g, 0.2199 mol) were dissolved in 250 ml of chloroform. The mixture was refluxed for 48 h followed by filtration while hot using celite pad. The filtrate was then evaporated using rotary evaporator to obtain the product 3 [22] . The crude product was purified by flash chromatography (Y: 30% 
Synthesis of Folic Acid Chloride from Folic Acid
Folic acid (0.500 g, 0.0001 mole) was dissolved in 15 ml of thionyl chloride and stirred for 2 hr. The reaction mixture was then evaporated and washed with acetone to obtain folic acid chloride 5 (Y: 70% Scheme 1. Synthesis of 1, 10-phenanthroline-2,9-di-carboxaldehydefrom 2,9-dimethyl-1, 10-phenanthrolinehemi-hydrate.
Scheme 2. Synthesis of 1,10-phenanthroline-2,9-di-hydroxymethyl from 1,10-phenanthroline-2,9-di-carboxaldehyde. 
Synthesis of Mono-[6-(Ethylenediamino)-6-Deoxy-β-Cyclodextrin (EDA-β-CD)
Literature procedure was followed [24] . The dried mono-6-(p-tosylsulfonyl)-6-deoxy-β-cyclodextrin 7 (3.0 g, 0.0024 m mol) was dissolved in 20 ml of anhydrous ethylenediamine and then stirred at 80˚C for 4 h under N 2 . After the reaction was complete, the mixture was cooled to room temperature. A large amount of cold acetone (~350 ml) was added, and the precipitate was collected by filtration. To remove unreacted EDA in the precipitate, it was first re-dissolved in water, and precipitated by addition of cold acetone. Then product was recovered by centrifuging at 10,000 rpm, 4˚C for 10 min. The same purification procedure was repeated for 4 times. The final precipitate was dried under vacuum to afford white solid product 4 [8] . The -CHO and -OH groups at the 2-and 9-positions of phenanthroline were the key functional groups that were considered in order to attach β-CD and folate moiety. While synthesis of this key intermediate involves several steps, we found furfuraldehyde 11 which contains the same functional group and was International Journal of Organic Chemistry Scheme 5. Synthesisofmono-6-(p-tosylsulfonyl)-6-deoxy-β-cyclodextrin) (6-OTs-β-CD).
(Y = 80%
Scheme 6. Synthesis of mono-[6-(ethylenediamino)-6-deoxy-β-cyclodextrin (EDA-β-CD).
commercially available. Therefore, we decided to attach β-CD and folate moiety using this commercially available intermediate. The reaction mixture was refluxed for 3 h and stirred for another 3 h at room temperature. Afterward, solvent was evaporated by rotary evaporator. The solid crude product was dissolved in 150 ml of acetone with stirring for 1 h, and then filtered. To the solid, acetone was added again and the procedure was repeated two times to eliminate unreacted aldehyde and glacialacetic acid. Finally, the resulting solid was dissolved in ethanol, filtered and evaporated by rotary evaporator to obtain a solid yellow product 12 (Y: 45%) [24] . IR: ν (cm After successful completion of the synthesis of folate appended β-cyclodextrin using furfuraldehydeas the linker, we attempted the synthesis of NSK-1 using phenanthroline as the linker. Similar procedure was used. 
Synthesis of Mono-[6-(5-
Hydroxymethyl
Synthesis of Mono
Conclusion
Two folate-appended β-cyclodextrins have been successfully synthesized and characterized. Folate appended β-cyclodextrins as well their precursors will be tested for anticancer activities. The efficiencies of drug delivery will also be explored with cyclodextrin containing products.
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